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Introduction
Aluminum and its alloys represent engineering materials with increasing application. Chemically pure aluminum is brittle and soft low density metallic material. Because the ratio of electrical conductivity and density is the most favorable of all metals, pure aluminum is used to make electric conductors. In order to improve its techno-technological properties, aluminum is alloyed with copper, magnesium, manganese, silicon and zinc. These alloys are widely used in building and construction, transport, chemical, food, packaging, shipbuilding and other industries since they have favorable specific tensile strength (ratio of tensile strength and density).
The usual machining processes can be easily performed when using aluminum workpieces. In general, compared with other metals, aluminum and its alloys have excellent machining properties. When machining aluminum and some of its alloys, the chips are continuous, rather thick, strong and not readily broken [1] .
Considering the wide range of alloys available, it is necessary to go into details regarding the machining characteristics of aluminum alloys [2] . The machining of a given aluminum alloy depends on a number of independent and partially dependent parameters such as machine tool parameters, cutting tool material and geometry, cutting parameters (depth of cut, feed rate, cutting speed), cutting fluid, etc. At the same time the overall machining performance is reflected by considering chip-form/chip breakability, tool-wear/tool-life, cutting force/power/torque, surface roughness/surface integrity and part accuracy [3] . This paper focuses on multi-criteria analysis of VCGT cutting inserts for aluminum turning while considering depth of cut, feed rate, cutting speed and cost as criteria for assessment of alternatives performances. An attempt was made to explore the applicability of recently developed MCDM method, i.e. weighted aggregated sum product assessment (WASPAS) for ranking of six cutting inserts. Firstly, using the available catalogue data from five cutting tool manufacturers, a MCDM model was defined. In the study equal importance of criteria was assumed, however, stability of obtained complete rankings of alternatives was performed by varying the values of coefficient of linear combination.
Aluminum alloys machinability
Aluminum alloys have in general high rates of machinability table by most of the criteria. Tool wear, surface roughness and form of the chip can be considered as one of the most important criteria [1] [2] [3] .
The tool wear while machining aluminum alloys occurs due to abrasion of the free surface. Consequently, the deciding criterion for measuring tool life objectively is the wear width VB [2] . Tool wear problems arise in the case of only a few aluminum alloys [1] . In order to obtain high quality machined surfaces it is preferable to use high cutting speeds since at low cutting speeds a build-up edge is formed. In machining of aluminum alloys two basic chip forms are generated: broken chips and stripped chips. The form of the chips generated during aluminum alloys machining depends on the machining conditions, geometry and materials of the cutting tool, chip breakers, tool wear, etc. The general aim is to obtain short cylindrical or spirally cylindrical chips.
The other general machining conditions recommendations regarding machining of aluminum alloys are as follows [1, 2, 4] . Since aluminium alloys have lower modulus in comparison to other metals, higher feed rates are not recommended and should be determined considering required surface finish. This also stands for the depth of cut. Very important aspect in aluminum alloys machining is lubrication. Lubrication agent is used to remove the heat generated in the cutting zone, reduce friction between the cutting tool and workpiece and assist in the chips removal. Although different types of lubrication agents are available, oil emulsions are usually recommended.
Aluminum and its alloys can be efficiently machined only if the suitable rake angle is selected, if the machining is performed with higher cutting speeds and if appropriate lubrication agent is used for a given machining conditions.
Cutting tools for aluminum alloys
In this study, the focus is on multi-criteria analysis of VCGT (ISO designation) cutting inserts for aluminum alloys turning. Depth of cut, feed rate, cutting speed are maximization criteria where higher assessment values alternatives are preferred, whereas cost is the minimization criterion where smaller assessment values alternatives are preferred.
The VCGT cutting inserts of five cutting tool manufacturers such as Sandvik, Carboloy, Tungaloy, Plansee Tizit and Widia were considered in the analysis. Based on the available data from manufacturers catalogues, the decision matrix representing nominal values was constructed (Table 1) . 
WASPAS method
In this paper, the WASPAS method was applied in order to select the most suitable VCGT cutting insert for aluminum turning.
The WASPAS method for solving MCDM problems was proposed by Zavadskas et al. [5] . In essence this method represents a unique combination of two well known MCDM methods, i.e. weighted sum method (WSM) and weighted product method (WPM). The main procedure of the method for solving MCDM problems includes several steps. The algorithmic procedure of the WASPAS method is given in Figure 1 , where x ij is the assessment value of the i-th alternative with respect to the j-th criterion; ij x is normalized value of x ij ; w j is criteria weight which represents relative importance of the j-th criterion and λ is coefficient of linear combination. 
Results and discussion
One of the main issues while solving MCDM problems is determination of the relative importance of the criteria, i.e. criteria weights. Although there are different subjective and objective methods for determination of criteria weights, in this study equal importance of all criteria is considered. Thus the resulting criteria weight vector is w= [0.25, 0.25, 0.25, 0.25] . The computational details of the WASPAS method when using normalization equations, weight vector and coefficient of linear combination of λ=0.5 are given in Table 2 . Consideration of different scenarios, beneficial for investigation of the stability of obtained rankings of alternatives, was performed by varying the values of coefficient of linear combination (λ) while retaining same criteria weights. Figure 2 shows the effect of varying values of λ on total relative importance values and rankings of the considered cutting inserts. From Figure 2 it can be observed that higher total relative importance values are obtained for the higher values of λ. Also, it is clear that the rankings of cutting inserts 1, 4 and 5 remain unaffected to the λ. On the other hand, in the case of cutting inserts 2 and 3, a rank reversal occurs for λ ≥ 0.9. However, in Ranking of alternatives by Q i values all cases, cutting inserts 2 and 3 are the least preferred having penultimate and the last ranking of all cutting inserts. Considering small differences in total relative importance values as well as costs, cutting inserts 1 and 4 can be regarded as the best choices, respectively. Cutting insert 3 is recommended choice, if for some reason the price as a criterion gains even greater importance.
Conclusion
Machining of aluminum and its alloys requires the use of cutting tools with special geometry and material. For economic reasons, cutting tools with inserts (indexable tools) are being increasingly used for aluminum machining.
In this paper multi-criteria analysis of VCGT cutting inserts for aluminum alloys turning based on the application of the WASPAS method was presented. The MCDM model for the selection of VCGT cutting insert for aluminum alloys turning was defined using the available catalogue data from cutting tool manufacturers. The MCDM model, i.e. decision matrix consisted of four criteria such as depth of cut, feed rate, cutting speed and cost, and five different cutting inserts. The obtained results from MCDM analysis suggested that cutting inserts 1 and 4 are the best alternatives, while cutting insert 2 obtained lowest ranking. The effect of coefficient of linear combination on the ranking performance of the WASPAS method was also studied, revealing the fact that there exists strong resistance against rank reversal of the considered cutting inserts.
Regarding the computational procedure it was observed that WASPAS method can serve as effective decision support tool for manufacturing engineers. Selection of the best suited cutting insert for aluminum alloys machining is very important task in machining process planning stage. Comprehensive analysis of this complex problem for a given machining application should consider additional criteria such as chip-form/chip breakability, tolerances, surface finish, part accuracy, process capabilities, productivity, tool wear, etc. and this will be scope of future research. Future work will also focus on selection of cutting inserts for aluminum alloys machining considering interval data of assessment values alternatives with respect to the criteria.
